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NON-CHROMATE CORROSION
INHIBITORS FOR ALUMINUM ALLOYS

RELATED APPLICATIONS

This application 1s a confinuation-in-part of U.S. patent
application 08/731,066 filed Oct. 9, 1996, U.S. Pat. No.
5,951,747, which 1s based on provisional applications Ser.
Nos. 60/005,027 and 60/005,028 filed Oct. 10, 1995, all of

which are hereby incorporated by reference.

FIELD OF THE INVENTION

This 1nvention relates generally to methods and compo-
sitions for inhibiting corrosion, and 1n particular, to methods
and compositions for inhibiting corrosion of metals, espe-
clally aluminum and other light metal alloys used 1n aircraft.
Most specifically, the present invention relates to a non-
chromate containing, corrosion-inhibiting coating composi-
fion capable of protecting a wide variety of metal surfaces.

BACKGROUND OF THE INVENTION

The U.S. Environmental Protection Agency has identified
the metal finishing 1industry as one of the one most signifi-
cant contributors to environmental pollution in the United
States and, 1n all likelihood, throughout the rest of the world.
This 1s because the materials currently most used in metal
finishing 1nclude chromium, cadmium, zinc, lead, copper,
nickel, chromates, and many toxic or polluting volatile
Organics.

The aircraft industry, being one of the largest of the
industrial finishers, provides an example of the environmen-
tal 1mpact of these processes. In a 1990 report, Tinker Air
Force Base (Oklahoma) reported producing and treating 1.4
million gallons of industrial waste water per day mostly
from metal finishing. The principal contaminants were
chromium, nickel, copper, cadmium, lead, zinc, tartrates,
EDTA, phosphate, and ammonia. It 1s estimated that the cost
of disposing of these wastes 1s approximately $220 per ton,
which equates to several thousand dollars per day for this
one site.

The chromate 1on, which 1s an excellent corrosion
inhibitor, has been one of the most widely used for almost
a hundred vyears. It 1s generally used as a pigment 1n
corrosion 1nhibitive paints, wash primers, sealants and
caulks. It 1s also used in chromate conversion coatings,
etching solutions, and in sealing anodized and phosphate
coatings.

For the past ten years, however, chromate has been
recognized as toxic and carcinogenic, and because of its
health risks, has become highly regulated. With pressure for
climination being exerted by government regulations, con-
tinued use of chromate will incur ever 1ncreasing economic
penalties. Hence, there 1s urgent need for non-toxic
substitutes, both from economic and environmental stand-
points.

Currently, the most widely used inhibitors for passivating
acrospace aluminum alloys and other light metals are the
alkaline earth and zinc salts of hexavalent chromium. They
vary mostly in their degree of water solubility (in the order
Mg>Ca>Sr=7n) and to a much smaller extent in their pH
(Sr2Ca>Mg). The chromate anion is the active species,
reliably performing four necessary functions to be more
fully described below. In addition, all of the above-described
hexavalent chromium salts enhance adhesion in many paint
and sealing systems.

Chromate performs four functions, thereby making it a
desirable mhibitor. These functions include:
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1. Rapid exit from a carrier matrix, such as paint or
sealant.

2. Adsorption of the chromate anion on the bare metal or
metal oxide. This alters space charge distributions at
the 1nterface, lowering the 1soelectric point of the
protective anodic metal oxide layer naturally forming
on active metals. This repels chloride attack, and/or
shifts the corrosion potential of that metal and/or its
pitting potential in the noble direction.

3. Instead of oxygen reduction at cathode sites, reduction

of chromium (VI) anion occurs to form an acid-

insoluble (“persisting”), chromium (III) oxide layer at
cathode sites. This fills oxide voids over cathode sites
and blocks further corrosion reaction.

4. Buifering the pH or neutralizing increasing acidity at
the metal/electrolyte interface which comes from metal
oxidization in the absence of air. Increasing acidity
accelerates corrosion exponentially.

In addition to these desirable inhibitive functions, chro-
mate salts have the advantages of: (1) promoting adhesion at
the metal/resin interface under a coating or sealant com-
pound; (2) working well on a wide variety of metal and alloy
substrates because they passivate both anodically and
cathodically; (3) being relatively neutral in pH; and (4)
being strong oxidizers only 1n acid conditions, and thus not
destroying or strongly reacting with the resin matrix in
which they are placed.

The prior art discloses a number of non-chromate species
which have some 1nhibitive capabilities. For example, U.S.
Pat. No. 5,126,074 discloses “hydrogen phosphate” anions
as exhibiting corrosion inhibitive activity on aluminum. The
patent further discloses the use 1n coatings of alkaline earth
monohydrogen phosphates, together with a carbonate of the
same alkaline earth metal and an additive of alkaline fluo-
rosilicate or fluoroborate or alkali or alkaline fluoride. This
combination 1s said to prevent filiform corrosion on aero-
space aluminum alloys.

Other references cite the dihydrogen phosphate anion as
adsorbing on alumina and lowering its 1soelectric point
(IEP) from pH=9 to pH=5. Lowering the IEP of aluminum
oxide on aluminum metal has been shown to increase its
resistance to pitting. Since this species also exhibits butfer-
ing capability, 1t performs functions 2 and 4.

U.S. Pat. No. 2,624,708 discloses carcinogenic mercap-
tobenzothiazole (MBT) as an inhibitor for aluminum and
steel. Sulphur and mercapto groups which are “soft bases”
arc known to have a high affinity for noble and other bare
metal (“soft acid”) surfaces. They are effective inhibitor
structures under acidic conditions where no oxide 1s present.
By 1tself, this species performs only function 2.

U.S. Pat. Nos. 4,457,790 and 5,125,989 disclose the use
of Mannich adducts of vegetable tannin or polyalkenyl
phenols to “conversion coat” aluminum. A titanium 1on or
compound such as fluorotitanic acid , among others, 1s
claimed as a co-reactant. U.S. Pat. No. 5,129,967 discloses
minute catalytic amounts of dihydrohexafluorotitanic acid
and hydrofluoric acid used with much larger amounts of
dihydrohexafluorozirconic acid and polyacrylic acid. These
patents refer to usages on aluminum and/or aluminum
alloys.

U.S. Pat. No. 5,314,532 discloses zinc, cobalt, nickel and
lead cyanamide pigments as exhibiting corrosion inhibitive
cilects on silver and thin mirror coatings. Bare, oxide-free
copper would be expected to show adsorption characteristics
somewhat analogous to silver, especially 1n an acidic, crev-
ice environment. As with silver groups, the availability of
clectrons on the cyano group act as a “soft base” on bare
metal “soft acid” surfaces, performing function 2.
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The present invention provides a corrosion-inhibiting
coating composition which performs many, if not all of the
same functions as a chromate-containing composition, but
without the need for the harmiul chromate species. The
problem solved by this mnvention is the elimination of toxic
hexavalent chromium salts which are known to be human
carcinogens, as corrosion 1nhibitors from ftreatment
solutions, coatings, and sealants used on aluminum and
other metal alloys. The present mnvention provides for the
synergistic combinations of non-chromate inhibitors for
acrospace aluminum alloys and other metal surfaces which
can be mcorporated 1nto both curable and non-curing seal-
ants and 1nto curable primer and unicoat systems. This
synergistic combination of inhibitors can also be incorpo-
rated 1nto water-containing or water-absorbing fluids that
might cause corrosion when used 1n the proximity of metal
such as de-icing liquids and coolants. These and other
advantages of the present invention will be readily apparent
from the description, discussion and examples which follow.

SUMMARY OF THE INVENTION

There 1s disclosed herein a non-chromate, corrosion-
inhibiting coating composition for metal surfaces. As used
herein, “coating” 1s used to mean any composition which
can cover a substrate, or which can place the inhibitors in
proximity with a substrate. The composition comprises at
least one inhibitor selected from the group consisting of
phosphates, phosphosilicates, silicates, and mixtures
thercof, at least one inhibitor selected from the group
consisting of titanates, zinc salts, and mixtures thereof, and
a carrier for these inhibitors, the carrier being capable of

placing the mhibitors 1n proximity with the metal surface.

In particular embodiments, the coating composition of the
present mnvention can further comprise a boric acid salt or
boric acid, and/or a sulfur-containing succinate such as
(2-benzothiazolylthio)succinic acid or amine salts thereof. A
preferred phosphate 1s calcium dihydrogen phosphate. A
preferred phosphosilicate 1s calcium, strontium zinc phos-
phosilicate. Sodium titanium oxide 1s a preferred titanate.
Zinc phosphate, zinc cyanamide and zinc aliphatic carboxy-
lates are the preferred zinc salts. The carrier comprises a
solution or polymer matrix which adheres well to metal
substrates and 1s capable of placing the mhibitors 1n close
proximity with the metal surface. The coating composition
of the present invention may also mnclude ancillary mgredi-

ents such as pigments, rheological agents, and other perfor-
mance additives.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention 1s directed to the synergistic com-
binations of two to six individual corrosion inhibitors con-
tributing two to five separate functions to the inhibition of
corrosion on metals. The coating composition 1s particularly
well suited for protecting light metal alloys, such as the
aluminum alloys used 1n aircraft.

In the broadest sense, the present invention comprises at
least one inhibitor selected from the group consisting of
phosphates, phosphosilicates, silicates, and mixtures
thereof, at least one inhibitor selected from the group
consisting of titanates, zinc salts, and mixtures thereof, and
a carrier for the inhibitors, the carrier capable of placing the
inhibitors in proximity with a metal surface. The coating
composition of the present invention can further comprise a
boric acid salt or boric acid, and/or a succinate, preferably a

sulfur-containing succinate. The succinate comprises a com-
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pound selected from the group consisting of
(2-benzothiazolylthio)succinic acid; an amine salt of
(2-benzothiazolylthio)succinic acid, including volatile
amines at standard temperature and pressure such as trim-
cthylamine and RNH,™ where R 1s a C.—C,, alkyl; and
mixtures thereof. In a preferred embodiment, the inhibitors
are loaded into the carrier to achieve 3—40% by volume 1n
a dried film, more preferably 5-25% by volume in a dried
film, and most preterably 10-20% by volume in a dried film.

In a preferred embodiment, the phosphate comprises a
dihydrogen phosphate, most preferably a compound selected
from the group consisting of calcium dihydrogen phosphate,
potassium dihydrogen phosphate, ammonium dihydrogen
phosphate, sodium dihydrogen phosphate and mixtures
thereof. The phosphate can also comprise a pyrophosphate,
preferably sodium pyrophosphate, or a monohydrogen
phosphate, preferably dipotassium monohydrogen phos-
phate.

The phosphosilicate of the present invention preferably
comprises a compound selected from the group consisting of
calcium, strontium phosphosilicate, calcium, strontium, zinc
phosphosilicate, and mixtures thereof The silicate of the
present 1nvention preferably comprises an orthosilicate,
most preferably tetrasodium orthosilicate.

In a preferred embodiment of the present invention, the
fitanate comprises a titanium oxide, more preferably sodium
titanium oxide.

The zinc salt of the present invention includes a variety of
inorganic zinc compounds, illustratively including zinc
borate, zinc bromate, zinc carbonate, zinc chlorate, zinc
chloride, zinc cyanamide, zinc fluoride, zinc fluoroborate,
ZInc hydroxide zinc 10date, zinc molybdate zinc nitrate,
zinc nitrite, zinc oxide, zinc permanganate, ZINC phospha:e
zinc dihydrogen phosphate zinc polyphosphate, zinc
pyrophosphate, zinc selenate, zinc orthosilicate, zinc
fluorosilicates, zinc sulfate, zinc sulfite, zinc thiocyanate,
hydrates thereof and mixtures thereof. The 1norganic zinc
compound preferably comprises a compound selected from
the group consisting of zinc phosphate, zinc cyanamide, and
mixtures thereof.

A zinc salt of the present invention also mcludes a variety
of organo-zinc compounds 1illustratively including: salts of
the formula:

ZH[L(CR1R2)HCH3]2

where L 1s a moiety complexing with zinc selected from
carboxyl, hydroxyl, sulfonyl, phosphyl, phosphonyl,
sulfinyl, amino, cyano, 1imino, mercapto, nitro, nitroso,
siloxy, sulfino and sulfamyl; R, and R, are each indepen-
dently hydrogen, C,—C, alkyl, C,—C, heteroatom containing
alkyl, hydroxyl, carboxyl, and amino; n 1s an integer
between 0 and 18 inclusive; mono-unsaturated analogs
thereof where n 1s at least 2; di-unsaturated analogs thereof
where n 1s at least 4; salts of the formula:

Zn[1—(CR,R,) —L']

where L and L' are each independently carboxyl, hydroxyl,
sulfonyl, phosphyl, phosphonyl, sulfinyl, amino, cyano,
1mino, mercapto, nitro, nitroso, siloxy, sulfamino and sul-
famyl; m 1s an integer between 1 and 8 inclusive; R; and R,
are each independently selected from a group consisting of:
hydrogen, C,—C, alkyl, C,—C, heteroatom containing alkyl,
carboxyl, hydroxyl, sulfonyl, phosphyl, phosphonyl,
sulfinyl, amino, cyano, imino, mercapto, nitro, nitroso,
siloxy, sulfamino and sulfamyl; zinc ethylene diamine tet-
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raacetic acid (EDTA) complexes; and Zn containing poly-
mers 1ncluding polyacrylates, polyacetates,
polymethacrylates, polyglycols and polyalcohols. The
organo-zinc compound preferably comprises zinc unsubsti-
tuted mono and di-carboxylates. Still more preferably, n or
m 1s an even i1nteger. Preferably, the polymer has between
100 and 1,000,000 monomeric units. More preferably, the
polymer has between 500 and 10,000 monomeric units. It 1s
appreciated that the degree of zinc 1on activity within the
present invention 1s dictated by factors including zinc salt
solubility 1n the coating composition, composition pH, zinc
salt electronegativity, and steric effects associated with
organic ligands. Owing to the variety of commercially
available aliphatic complexing ligands available, the present
invention affords greater control over the exit rate from a
carrier matrix, zinc redox potential and pH buflering, as
compared to the prior art use of zinc benzoate. It 1s further
appreciated that the combination of two or more zinc salts
including both morganic zinc and organo-zinc compound 1s
operative 1n controlling the availability of zinc as an 1nhibi-
tor of the metal substrate useful lifetime.

Salts of boric acid are optionally included 1n the present
invention. Boric acid acts as an electron acceptor and as such
1s a very weak acid having a pKa of 9.2 and 1s equally
operative 1n the corrosion inhibitor compositions of the
present 1mvention. Thus, 1t 1s appreciated that while boric
acid 1s detailed herein as an additive, a variety of salts
thereof function 1 a similar manner. Boric acid salts opera-
five 1n the present invention illustratively include alkali
metal borates and tetraborates, M,"B,O,. and M,"B,0-,
respectively, where M™ 1s lithium, sodium and potassium,;
alkali earth borates M;**(BO,), where M** is magnesium,
calcium, strontium and barium; borax; and hydrates thereof.
Preferably, the boric acid salt 1s sodium tetraborate decahy-
drate or borax. More preferably, boric acid 1s used.

When used in the coating composition of the present
imvention, boric acid or a salt thereof should be loaded 1nto
the carrier so that it occupies up to 10% by volume 1n a dried
film, more preferably 0.3-5.0% by volume 1n a dried film,
and most preferably 0.5-2% by volume 1 a dried film.
Likewise, when used as an inhibitor, calcium dihydrogen
phosphate can be added 1n an amount up to 10% by volume
in a dried film, more preferably 0.3—-7% by volume, and
most preferably 0.5-5% by volume in a dried film. When
calcium, strontium phosphosilicate or calcium, strontium,
zinc phosphosilicate 1s used as an inhibitor, 1t can be added
in an amount up to 25% by volume 1n a dried film, more
preferably 0.3-10% by volume, and most preferably 1-5%
by volume 1n a dried film. If (2-benzothiazolylthio)succinic
acid or the fatty amine salt of (2-benzothiazolylthio)succinic
acid 1s used as an inhibitor in the coating composition of the
present invention, 1t can be loaded into the carrier in an
amount up to 10% by volume 1n a dried film more preferably
0.3-5% by volume, and most preferably 0.5-3% by volume
in a dried film. Sodium titanium oxide can be added 1n an
amount up to 10% by volume 1n a dried film, more prefer-
ably 1-10% by volume, and most preferably 3-6% by
volume 1n a dried film. Zinc salts, when used 1n the present
invention can be added 1n an amount up to 15% by volume
in a dried film, more preferably 1-10% by volume 1n a dried
f1lm, and most preferably 3—6% by volume.

The carrier of the present invention i1s any compound
which 1s capable of adhesion to a metal surface, and 1s also
capable of placing the combination of inhibitors 1n proxim-
ity with the metal surface. Suitable carriers include both
curable and noncuring sealants, as well as curable primer
and unicoat systems. The combination of inhibitors of the
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present 1mvention can also be incorporated into water-
containing or water-absorbing fluids that might cause cor-
rosion when used 1n the proximity of metal such as de-1cing
liquids and coolants which are primarily comprised of glycol
and water. Other carriers include, but are not limited to,
aqueous solutions, amine-cured epoxy coatings, polyester
and urethane coatings, sealant matrices such as those based
on epoxy-cured polythioether polymers, MnO, cured
polysulfide sealants, non-curing end-capped polysulfide
sealants, and other carriers as are known 1n the art.

Additional materials can be added to the coating compo-
sition of the present invention such as pigments, rheological
agents, adhesion promoters and other additives, as are
known 1n the art. For example, an o1ly, hydrophobic additive
can be used with some of the mhibitor combinations of the
present invention to achieve more acceptable barrier perfor-
mance of sealants 1n water. Additionally, since the inhibitor
ingredients of this invention do not necessarily enhance
adhesion as do oxidizing inhibitors such as chromate, a
porous conversion coating or anodized layer on the substrate
1s required 1n very wet environments for good mechanical
adhesion of a coating or sealant to the metal.

As has been discussed above, chromate has been identi-
fied as an excellent mhibitor because it performs the fol-
lowing four necessary functions:

1. Rapid polymer exit and short term metal passivation.

2. Passivation by metal surface adsorption and double
layer space charge altering.

3. Forming a water insoluble passivation layer which
persists or remains 1nsoluble in neutral, alkaline and
acidic environments.

4. Passivation by control of pH or neutralization of acid
at the metal electrolyte interface.

Therefore, 1n order to replace chromate, any combination of
inhibitors must perform at least some, 1f not all of these
functions 1n order to operate as a successful corrosion
inhibitor. Additionally, transport of 1tself and other inhibitors
out of a solid, e.g. polymeric, carrier matrix onto adjacent
exposed bare metal areas in a moist but not liquid immersed
environment 1s a performance parameter exhibited by one of
the inhibitors (boric acid or salt thereof) of this invention
that 1s not exhibited by chromate.

In general, the first and second inhibitive functions are
performed by one or more moderately water-soluble, fast but
reversibly adsorbing ingredients which exit readily from a
coating or sealant, to give rapid, short-term passivation of a
metal surface. Boric acid or a salt thereof appears to have the
predominant fast or first-response effect out of a polymer
matrix, and appears to also aid in releasing other, less
soluble, more permanent passivators from the polymer.

The third mhibitive function i1s performed by a slower
responding combination of two ingredients to form a water-
insoluble, acid-resistant, “persisting” passivation layer. By
“persisting” 1s meant remaining on a metal surface that was
exposed to 1hibitor-containing solution after that inhibitor-
containing solution 1s removed and replaced with a corrosive
solution such as aqueous sodium chloride containing no
inhibitor. This layer 1s believed to form on the bare metal as
well as on the oxide. The combination of a zinc salt and
(2-benzothiazolylthio)succinic acid or its fatty amine salt
perform this function.

The fourth inhibitive function of these systems consists of
buffering the pH, or controlling (neutralizing) the acidifica-
tion of the metal-electrolyte interface environment 1n
anaerobic or crevice conditions. Acid conditions dissolve the
protective oxide and do not allow new 1nsoluble oxide to
form. In the formulations described by the present invention,
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carboxylates, dihydrogen phosphates, monohydrogen
phosphates, pyrophosphate, orthosilicate, sulfates, titanate,
phosphosilicates and cyanamide can perform this function.

A variety of different quantitative and qualitative test
methods have been employed to i1dentify and corroborate
passivation behavior on aircraft aluminum. These include:

1. Galvanic Current Measurement (on solutions, coatings
and sealants)

d.

d.

Uses a titanium cathode electrically shorted to the
active metal, usually Al alloy, immersed 1n aqueous
NaCl solution. Stainless steel, Cd plated steel and
carbon composite cathodes are also used.

. Current between anode and cathode (Al and Ti or

other, respectively) is measured at regular intervals
and plotted versus time.

Configuration accelerates development of acidic
crevice conditions 1n a narrow, air-deficient gap
between the parallel, spaced-off anode and cathode
metals.

Used to quantitatively test functions 1, 2 and/or 4.

¢. We define good performance as 2—5 times the 1nitial

(i.c., within 24 hours) galvanic current reduction
compared to uninhibited systems, with no rise over
time out to 5—6 weeks. (Uninhibited coating and
scalant 1nitial currents are approximately 0.5-1
microamps per square centimeter on bare 2024 alloy
with a T1 cathode, with a visual rise 1n current of 2-5
times within 1-2 weeks. Chromate gives approxi-
mately 0.2—0.3 microamps per square centimeter
initially, with no rise over time. The corresponding
values are approximately 3—5 times higher for bare

7075 alloy with a Ti cathode.)

2. Electrochemical Impedance Spectroscopy (EIS) (on
solutions, coatings and sealants)

d.

oo

Uses an active metal (e.g. Al alloy) working
clectrode, passivated stainless steel
counterelectrode, calomel reference electrode and
Schlumberger potentiostat and frequency response
analyzer.

. Run 1n one or more of the following configurations:

1. Neutral or pH-adjusted, acrated NaCl solution,
containing inhibitor(s).

11. Active working electrode covered with inhibitor-
containing, bonded coating or sealant film
exposed to open, aerated NaCl solution on the
upper film side. Measures barrier properties or

corrosive-environment-penetration resistance
(R ) of bonded films.

POre

111. Active working electrode covered with inhibitor-
containing, non-bonded, “free film” of coating or
sealant, exposed to open, aerated aqueous NaCl
solution on the upper side. In this configuration,
when the film 1s penetrated with liquid, the whole
air-deficient electrolyte/active metal imnterface area
1s wetted and therefore known dimensionally to
calculate accurate charge transfer resistances (R _,)

. Used quantitatively to test functions 2, 3 and/or 4.
. We define good electrochemical performance as

R_’s of greater than 10° ohm-square centimeters,
persisting over time. We define good barrier perfor-
mance as exhibiting high (greater than 10° ohm-
square centimeters), essentially immeasurable
R .. ’s for as long as possible. We judge by making
comparisons at equal film thicknesses. Low R .
can be compensated for to a great extent by high R _,

as 1S the case with chromate.
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3. Filiform Testing (on coatings only)

a. Uses brief (usually one hour) HCI vapor exposure to
initiate acidic filiform (underfilm crevice) corrosion
conditions at cut edges of coatings. Subsequent
80+% humidity exposure propagates further filiform
COITOS10N.

b. Relative effectiveness of inhibitors are compared on
the same substrates, as this test mostly differentiates
on the basis of adhesion. Differences in corrosive-
ness and bondability of Al substrates (various alloys,
Alclad, conversion-coated) typically give more
variation for a given coating than the differences
between inhibitors, including none, in the same
coating, on the same substrate.

c. Use to qualitatively test function 4 and combined

cifects of functions 1-3.

d. Good performance for a coating or coated system 1s
usually defined as the development from a cut edge
of filiforms no greater than 3—6 millimeters 1n length,
with the majority less than 3 millimeters, after 1000
Or more hours.

4. Salt Spray Testing (on coatings and sealants)

a. Uses condensing corrosive (5%) salt solution to
cause electrochemical activity of soluble inhibitors
to be a factor, along with barrier properties, but the

ciiects cannot be separately determined.

b. By leaving some uncoated area exposed, ability of
inhibitors to move from the resin matrix to uncov-
ered or damaged arecas and to protect them 1s deter-
mined.

c. As 1n filiform testing, relative effectiveness of 1nhibi-
tors are compared on the same substrates.

d. Used to qualitatively test function 1 and combined

ciiects of functions 2—4.

¢. Good performance 1s usually defined as no corrosion
blister formation away from cut edges and minimal
undercutting or corrosion blister formation at cut
cdges. Judgments are usually based on visual com-
parisons over time with uninhibited and chromate-
inhibited controls.

5. pH Range Immersion Testing (on solutions only—

solutions containing inhibitors, buffered from pH 3—-10)

a. Found to be a predictor of “persisting” (insoluble)
passivation layer formation and of resistance to
prolonged-exposure, acidic-condition crevice corro-
s101.

b. Used to test function 3.

c. We define good performance as resistance to visual
corrosion on flat surfaces and cut edges of bare metal
over a wide pH range for as long as possible; on
more than one alloy, if possible. Judgments are based
on visual comparisons over time with uninhibited
and chromate 1nhibited controls.

In order to work at all, effective inhibitors must exhibait at
least function 2, corrosion current suppression. Functions 1,
3 and 4 increase their effectiveness. In addition, whether
they perform on one or both of the most common aerospace
aluminum substrates (AA2024-T3 or AA7075-T6) (function
5), and whether their addition significantly lowers the water
resistance/adhesion of a polymer matrix (function 6) is
considered.

The following table summarizes some of the preferred
inhibitor combinations, rated according to how many of the
above six functions they perform. This invention, however,
1s not limited to the combinations below. These abbrevia-
tions have been used to identify the various inhibitors in
which:

™
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D=sodium tetraborate decahydrate
B=boric acid -continued

C=calcium dihydrogen phosphate
PREFERRED INHIBITOR COMBINAITTONS

K=dipotassium monohydrogen phosphate 5
A=ammonium dihydrogen phosphate GOOD (1-2 functions) BETTER (3—4 functions) BEST (5 functions)
P=sodium pyrophosphate
H=calcium. strontium phosphosilicate or calcium Inhibitor  Function  Inhibitor Function  Inhibitor  Function
? ?
strontium, zinc phosphosilicate
Setef g hosilict 10 HN 2,5,6 BCINY  2,3.4.,5
=1CHASO 1111?1 Of OSI. leate o _ ' HINS 2,45 S1Cr0O, 2,3,4,5,6
[=(2-benzothiazolylthio)succinic acid or the fatty amine
salt of (2-benzoth1azolylth10)Succmlc acid Functions = 1 = exposed metal passivation adjacent to polymer
N=sodium titanium oxide 2 = low galvanic current, high EIS Rt
7 =71nc phosphate 15 3 = formation of “persisting layer”
— 7 ‘ 4 = crevice condition low galvanic current
W=zinc cyanamide g
X=zinc adipate 5 = performs on both 2024 and 7075 alloys
Vezine acetate 6 = good water swell resistance (low water solubility)
20

U=zinc polymethacrylate n=750 The present invention will best be illustrated by the

following tables of examples. The same 1nhibitor abbrevia-

tions set forth above have also been used 1n these tables. A

PREFERRED INHIBITOR COMBINATIONS series of compositions were prepared and tested on several
»5 light metal alloys. The test samples were prepared according
to the tables set forth below, all components being mixed

GOOD (1-2 functions) BETTER (3—4 functions) _ BEST (5 functions)

[nhibitor ~ Function Inhibitor ~  Function Inhibitor ~ Function together m a vessel, and the various formulations were
applied to 2024 and 7075 alloy substrates. The samples were
CN 2.5 BINZ 1,235  BCINZ  1,23.45 PP _ y _ SALIPIES WE
KI 05 RCN7 12.45 BCINU  1.2.3.4.5 run through a series of tests to test their corrosion-inhibitive
PS 2,4 BNZ 1,2,5 BCINW 12345 properties. These tests have already been discussed, with the
ANX 1,25 TN 2:3:4,5,6 results summarized above. In the examples, as 1n the rest of
V4 2.3.6 DCINX  2.3.4.5 _ ‘ e P1ES,
INZ 2.3.6 CINZ 2.3.4,5.6 the specification and claims, all percentages are by volume

in a dried film.

FORMULATIONS (as volume % of non-volatiles)

Non-curing Cured Solvent-borne
Sealants Sealants Primer Coatings

Components HINZ BCINZ BCINZ CINZ DCINX BCINZ BCNZ BCINW BCINU

Non-curing 71.1  69.9 — — — — — — —

polysulfide

resin

Epoxy-cured — — 73.7 73.6  73.6 — — — —
polythioether

resin

Amine-cured — — — — — 64.0 64.0 75.2 75.2
EpPOXY resin

Adhesion 1.0 1.0 0.2 0.2 0.2 4.0 4.0 10.1 10.1
promoters,

dispersants,

flow agents

[nert fillers 21.8 21.3 9.0 9.0 9.0 13.4 14.8 2.3 2.3
H 1.2 — — — — — — — —
D — — — — 2.0 — — — —
B — 2.2 2.2 — — 2.9 2.9 1.4 1.4
C — 1.4 2.0 40 2.0 2.9 2.9 1.4 1.4
[ 0.6 0.6 6.5 6.6 6.6 1.4 — 0.7 0.7
N 1.2 11 2.0 2.1 2.1 5.7 5.7 4.8 4.8
Z 3.1 2.5 4.4 45 — 5.7 5.7 — —
\\% — — — — — — — 4.1 —
X — — — — 4.5 — — — —
Y _ _ _ _ _ _ _ _ _
U — — — — — — — — 4.1
Solvent (+20) (+20) (+10) (+10) (+10) (+70)  (+70)  (+#320) (+320)

Water — — — — — — — — —
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-continued

FORMULATIONS (as volume % of non-volatiles)

Water-borne Primer Coatings

Components BCINZ BCINY BCINW BCNZW  BCNZ
Non-curing — — — — —
polysulfide resin

Epoxy-cured — — — — —
polythioether resin

Amine-cured epoxy 69.1 69.1 69.1 69.1 69.1
resin

Adhesion promoters, 1.7 1.7 1.7 1.7 1.7
dispersants, flow

agents

[nert fillers 9.9 9.9 9.9 11.5 14.3
H _ _ _ _ _

B 3.3 3.3 3.3 3.3 3.3
C 3.3 3.3 3.3 3.3 3.3

[ 1.7 1.7 1.7 — —

N 5.5 5.5 5.5 5.5 5.5

Z 5.5 — — 2.8 2.8
Y — 5.5 — — —
A% — — 5.5 2.8 —
Solvent (+28)  (+28)  (+28)  (+28) (+28)
Water (+200) (+200) (+200) (+200) (+200)

It will be appreciated from the foregoing, that a non-
chromate containing coating composition having excellent
properties for inhibiting corrosion of a variety of metal
surfaces may be prepared from the synergistic combination
of two to six individual corrosion inhibitors contributing two
to five separate functions to the inhibition of metals, such as

light metal alloys. The specific components of the compo-
sition will depend upon particular applications and factors
such as the metal alloy substrate, the particular polymer or
solution matrix 1n which the inhibitors are carried, and the
range of exposure conditions the material will see 1 1its
particular location (e.g. aircraft interior, exterior, fuel tank,
skin coating, lap seam, etc.).

The foregoing discussion and examples are merely meant
to 1llustrate particular embodiments of the invention, and are
not meant to be limitations upon the practice thereotf It 1s the
following claims, including all equivalents, which define the
scope of the invention.

We claim:

1. A nonchromate, corrosion-inhibiting coating composi-
tion for a metal surface, said composition containing
inhibitors, said inhibitors comprising:

a synergistic amount of at least one compound selected
from the group consisting of boric acid and salts
thereof; dipotassium monohydrogen phosphate; cal-
cium dihydrogen phosphate; ammonium dihydrogen
phosphate; sodium dihydrogen phosphate; potassium
dihydrogen phosphate; sodium pyrophosphate;
calcium, strontium phosphosilicate; calcium,
strontium, zinc phosphosilicate; tetrasodium orthosili-
cate; and mixtures thereof;

a synergistic amount of at least one compound selected
from the group consisting of: sodium titantum oxide, an
inorganic zinc compound and an organo-zinc com-
pound wherein the organo-zinc compound 1s selected
from the group consisting of:

Zn| L(CR,R,) CH;],

wherein L 1s selected from carboxyl, hydroxyl, sulfonyl,
phosphyl, phosphonyl, sulfinyl, amino, cyano, imino,
mercapto, nitro, nitroso, siloxy, sulfamino and sulfamyl; R,

12
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and R, are each independently hydrogen, C,—C, alkyl,
C,—C, heteroatom containing alkyl, hydroxyl, carboxyl, and
amino; n 1s an integer between 0 and 18 1nclusive, mono-
unsaturated analogs thereof, di-unsaturated analogs thereof

Zn[1—(CR4R,),,—L']

wherein L and L' are each independently selected from
carboxyl, hydroxyl, sulfonyl, phosphyl, phosphonyl,
sulfinyl, amino, cyano, imino, mercapto, nitro, nitroso,
siloxy, sulfamino and sulfamyl; m 1s an integer between 1
and 8 mclusive; R; and R, are each independently selected
from a group consisting of: hydrogen, C,—C, alkyl, C,—C,
heteroatom containing alkyl, carboxyl, hydroxyl, sulfonyl,
phosphyl, phosphonyl, sulfinyl, amino, cyano, imino,
mercapto, nitro, nitroso, siloxy, sulfamino and sulfamyl,
zinc (EDTA) complexes, and zinc containing polymer; and

an elfective film-forming amount of a carrier for said
inhibitors, said carrier capable of placing said inhibitors
in proximity with said metal surface.

2. The coating composition of claim 1 and further com-
prising at least one compound selected from the group
consisting of (2-benzothiazolylthio)succinic acid, an amine
salt of (2-benzothiazolylthio)succinic acid, and mixtures
thereof.

3. The coating composition of claim 1 wherein said
inhibitors comprise 3—40 percent by volume 1n a dried film.

4. The coating composition of claim 1 wherein the inor-
ganic zinc compound 1s selected from the group consisting
of zinc borate, zinc bromate, zinc carbonate, zinc chlorate,
zinc chloride, zinc cyanamide, zinc fluoride, zinc
fluoroborate, zinc hydroxide, zinc 1odate, zinc molybdate,
zinc nitrate, zinc nitrite, zinc oxide, zinc permanganate, zinc
dihydrogen phosphate, zinc phosphate, zinc polyphosphate,
zinc pyrophosphate, zinc selenate, zinc orthosilicate, zinc
fluorosilicates, zinc sulfate, zinc sulfite, zinc thiocyanate,
and hydrates thereof.

5. The coating composition of claim 4 wherein the inor-
ganic zinc compound 1s zinc dihydrogen phosphate.

6. The coating composition of claim 4 wherein the 1nor-
ganic zinc compound 1s zinc cyanamide.

7. The coating composition of claim 1 wherein the orga-
nozinc compound 1s a zinc unsubstituted monocarboxylate
or zinc unsubstituted dicarboxylate.
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8. The coating composition of claim 1 wheremn m 1s an
even integer.

9. The coating composition of claim 1 wherein the zinc
containing polymer 1s selected from a group consisting of

polyacrylates, polyacetates, polymethacrylates, polyglycols
and polyalcohols.

10. A non-chromate, corrosion-inhibiting coating compo-
sition for a metal surface, said composition containing
inhibitors, said inhibitors comprising:

a synergistic amount of at least one compound selected
from the group consisting of boric acid and salts
thereof, calcium dihydrogen phosphate, and mixtures
thereof; or

a synergistic amount of at least one compound selected
from the group consisting of calcium, strontium phos-
phosilicate; calctum, strontium, zinc phosphosilicate;
and mixtures thereof;

a synergistic amount of at least one compound selected
from the group consisting of (2-benzothiazolylthio)
succinic acid, the fatty amine salt of
(2-benzothiazolylthio) succinic acid, and mixtures
thereof;

a synergistic amount of at least one compound selected
from the group consisting of: sodium titantum oxide, an
inorganic zinc compound and an organo-zinc com-
pound wherein the organo-zinc compound 1s selected
from the group consisting of:

Zn|L(CR,R,),CH;],

wherein L 1s selected from carboxyl, hydroxyl, sulfonyl,
phosphyl, phosphonyl, sulfinyl, amino, cyano, imino,
mercapto, nitro, nitroso, siloxy, sulfamino and sulfamyl; R,
and R, are each independently hydrogen, C,-C, alkyl,
C,—C, heteroatom containing alkyl, hydroxyl, carboxyl, and
amino; n 1s an integer between 0 and 18 inclusive, mono-
unsaturated analogs thereof, di-unsaturated analogs thereof

Zo[L—(CR;R,),,—L]

wherein L and L' are each mdependently selected from
carboxyl, hydroxyl, sulfonyl, phosphyl, phosphonyl,
sulfinyl, amino, cyano, 1imino, mercapto, nitro, nitroso,
siloxy, sulfamino and sulfamyl; m 1s an integer between 1
and 8 1nclusive; R, and R, are each independently selected
from a group consisting of: hydrogen, C,—C, alkyl C,—C,
heteroatom containing alkyl, carboxyl, hydroxyl, sulfonyl,
phosphyl, phosphonyl, sulfinyl, amino, cyano, imino,
mercapto, nitro, nitroso, siloxy, sulfamino and sulfamyl,
zinc (EDTA) complexes, and zinc containing polymer; and

an clfective film-forming amount of a carrier for said
inhibitors, said carrier capable of placing said inhibitors
in proximity with said metal surface.

11. The coating composition of claim 10 wherein the
inorganic zinc compound 1s selected from the group con-
sisting of zinc borate, zinc bromate, zinc carbonate, zinc
chlorate, zinc chloride, zinc cyanamide, zinc fluoride, zinc
fluoroborate, zinc hydroxide, zinc 1odate, zinc molybdate,
zinc nitrate, zinc nitrite, zinc oxide, zinc permanganate, zinc
phosphate, zinc dihydrogen phosphate, zinc polyphosphate,
zinc pyrophosphate, zinc selenate, zinc orthosilicate, zinc
fluorosilicates, zinc sulfate, zinc sulfite, zinc thiocyanate,
hydrates thereof.

12. The coating composition of claim 11 wherein the
inorganic zinc compound 1s zinc phosphate.

13. The coating composition of claim 11 wherein the
inorganic zinc compound 1s zinc cyanamide.

14. The coating composition of claim 10 wherein the
organozinc compound 1s a zinc unsubstituted monocarboxy-
late or zinc unsubstituted dicarboxylate.
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15. The coating composition of claim 10 wherein m 1s an
even integer.

16. The coating composition of claim 10 wherein the zinc
containing polymer 1s selected from a group consisting of
polyacrylates, polyacetates, polymethacrylates, polyglycols
and polyalcohols.

17. The coating composition of claim 10 wherein the
boric acid or salt thereof comprises 0.3—10 percent by
volume 1n a dried film.

18. The coating composition of claim 10 wherein said

calcium dihydrogen phosphate comprises 0.3—10 percent by
volume 1 a dried film.

19. The coating composition of claim 10 wheremn said
phosphosilicate comprises 0.3-25 percent by volume 1n a

dried film.
20. The coating composition of claam 10 wherein said

succinate compound comprises 0.3—10 percent by volume in

a dried film.

21. The coating composition of claam 10 wheremn said
sodium titanium oxide comprises 1—10 percent by volume 1n
a dried film.

22. The coating composition of claim 10 wherein the

inorganic zinc compound comprises 1-15 percent by vol-
ume 1n a dried film.

23. A method for mhibiting corrosion on a metal surface,
said method comprising contacting said metal surface with
a coating composition comprising:

a synergistic amount of at least one compound selected
from the group consisting of boric acid and salts
thereof; dipotassium monohydrogen phosphate; cal-
cium dihydrogen phosphate; ammonium dihydrogen
phosphate; sodium dihydrogen phosphate; potassium
dihydrogen phosphate; sodium pyrophosphate;
calcium, strontium phosphosilicate; calcium,
strontlum, zinc phosphosilicate; tetrasodium orthosili-
cate; and mixtures thereof;

a synergistic amount of at least one compound selected
from the group consisting of: sodium titantum oxide, an
inorganic zinc compound and an organo-zinc com-
pound wherein the organo-zinc compound 1s selected
from the group consisting of:

ZH[L(CR1R2)HCH3]2

wherein L 1s selected from carboxyl, hydroxyl, sulfonyl,
phosphyl, phosphonyl, sulfinyl, amino, cyano, imino,
mercapto, nitro, nitroso, siloxy, sulfamino and sulfamyl; R,
and R, are each independently hydrogen, C,—C, alkyl,
C,—C, heteroatom containing alkyl, hydroxyl, carboxyl, and
amino; n 1s an integer between 0 and 18 1nclusive, mono-
unsaturated analogs thereof, di-unsaturated analogs thereof

Zn[I—(CR;R,),,—L]

wherein L and L' are each independently selected from
carboxyl, hydroxyl, sulfonyl, phosphyl, phosphonyl,
sulfinyl, amino, cyano, 1imino, mercapto, nitro, nitroso,
siloxy, sulfamino and sulfamyl; m 1s an integer between 1
and 8 1nclusive; R; and R, are each independently selected
from a group consisting of: hydrogen, C,—C, alkyl, C,-C,
heteroatom containing alkyl, carboxyl, hydroxyl, sulfonyl,
phosphyl, phosphonyl, sulfinyl, amino, cyano, imino,
mercapto, nitro, nitroso, siloxy, sulfamino and sulfamyl,
zinc (EDTA) complexes, and zinc containing polymer; and

an elfective film-forming amount of a carrier for said
inhibitors, said carrier capable of placing said inhibitors
in proximity with said metal surface.
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